Introduction {#sec1-1}
============

A limited oxygen supply leads to hepato-cellular damage and death\[[@ref1]\] and prolonged hypoxic injury has been implicated in progression of many hepatic disorders. It is reported that isolated hepatocytes from rat liver exposed to hypoxia resulted in wide variety of structural and metabolic changes leading to loss of cell viability\[[@ref2][@ref3]\] Hypoxia-evoked reactive oxygen species (ROS)-driven oxidative stress is an underlying mechanism of hepatic cell death and unchecked production of these oxidants for longer period reduces efficacy of antioxidant system resulting in disintegration of cellular architecture\[[@ref4]\] It is documented that various antioxidant enzymes such as superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase are reported for their beneficial effects in protecting tissues against oxidants including hypoxia\[[@ref4][@ref5][@ref6]\] Further, exogenous supplementation of biologically active extracts derived from herbal plants reduces oxidant load.\[[@ref7][@ref8][@ref9]\]

*Hippophae rhamnoides L*. commonly known as seabuckthorn belongs to family Elaeagnaceae and genus *Hippophae*. It is a wild thorny deciduous shrub, grows at high altitude (2500-4000 m) in adverse climatic conditions and is native to Europe and Asia.\[[@ref10]\] In India, it grows naturally in Ladakh, Uttarkhand, Himachal Pradesh, Jammu and Kashmir, Sikkim and Arunachal Pradesh regions.\[[@ref11]\] There are six species of seabuckthorn found in the world, of which three species are reported in India viz. *H. rhamnoides subspecies Turkestania Rousi*, *H. salicifolia* and *H. tibitana*. Most of the scientific studies available on the species *H. rhamnoides* were published by Russian and Chinese scientists.\[[@ref12]\] These plants are valuable for their nutritional and medicinal products; all parts of plant are a good source of bioactive substances.\[[@ref13]\] In India, Central Himalayan local residents utilize these plants for various purposes, as food, medicine, veterinary purposes, fuel, etc.,\[[@ref14]\] Numerous medicinal effects of seabuckthorn are well-known and include, beneficial effects in cardiovascular diseases, mucosal injuries, skin disorders and adaptation to the effects of stress.\[[@ref8][@ref9][@ref13][@ref15]\]

The medicinal properties to extracts of *H. rhamnoides* leaves are attributed due to the presence of high content of flavonoids, tannins, and triterpenes.\[[@ref16]\] The major flavonoids found in the leaves of seabuckthorn include quercetin, kaempferol, and isorhamentin, catechin, and rutin.\[[@ref17]\] The alcoholic extract of seabuckthorn leaves are reported to possess anti-oxidant, anti-stress, immunomodulatory, and anti-inflammatory properties, and could prevent sodium nitroprusside cytotoxicity in murine macrophages.\[[@ref7]-[@ref8]\] Further alcoholic extract has been documented for preventing hypoxia induced pulmonary vascular leakage\[[@ref18]\] and oxidative stress.\[[@ref19]\] The pharmacological properties of aqueous extract of seabuckthorn leaves such as cytoprotective and anti-oxidative,\[[@ref19]\] adaptogenic,\[[@ref8]\] wound healing,\[[@ref20]\] and anti-dengue activity\[[@ref21]\] have been documented. The adverse cellular effect linked to hypoxia exposures are mediated via generation of ROS and is underlying cause for many clinical disorders including hepatic cell death. We hypothesize here that *H. rhamnoides* rich in flavonoids and having anti-oxidative properties may exert anti-hypoxic activity too.

Further, it is reported that the pharmacological effects of the aqueous extract of *H. rhamnoides* leaf prepared by the maceration method might be due to the presence of major flavonoids such as quercetin-3-galactoside, kaempferol, and isorhamentin.\[[@ref22]\] Therefore, we sought whether any of this major flavonoids alone or in combination could reserve adverse changes associated with hypoxia and whether protection offered by these bio-active flavonoids equalizes with that of the extract.

Therefore, this study was designed to investigate whether hypoxia evoked the production of ROS in cultured rat hepatocytes could be attenuated by the supplementation of aqueous leaf extract of *H. rhamnoides* and its major bio-active flavonoids.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Plant material {#sec3-1}

*H. rhamnoides* leaves were collected in the month of September from hilly regions of western Himalayas, India, where the plant grows widely under natural conditions. The Field Research Laboratory, Leh, India, where the voucher specimen of the plant material is preserved in the herbarium, carried out the ethnobotanical identification of the plant. Fresh leaves of seabuckthorn were cleaned and washed thoroughly with water and re-washed with distilled water. Washed fresh leaves were dried under shade in a clean, dust free environment and crushed using laboratory blender.

### Extract preparation {#sec3-2}

Aqueous lyophilized extract of *H. rhamnoides* dried leaves was prepared by maceration method as described earlier.\[[@ref8]\] One gram of dried *H. rhamnoides* leaves produced 0.12 g of lyophilized seabuckthorn aqueous extract powder. The extract has been characterized by its phenolic and flavonoid content and chemical antioxidant capacity by ferric reducing antioxidant power assay.

### Determination of total phenol content {#sec3-3}

The total phenolic content in extract was estimated using Folin -- Ciocalteu reagent (FCR) based assay.\[[@ref23]\] The following were added to a tube; 20 μl of stock solution (1 mg/ml) of the extract, 80 ml of water, and 500 ml of FCR. After 5 min incubation in the dark at room temperature, 400 ml of 7.5% sodium carbonate solution was added. The mixture was incubated in the dark for 30 min at room temperature and absorbance of the color developed was read at 765 nm. Total phenols (mg/g) in the extract were expressed as gallic acid equivalent (GAE), using standard curve prepared from gallic acid (0.1 mg/ml) solution.

### Determination of total flavonoid content {#sec3-4}

Total flavonoid content was estimated by the aluminum chloride colorimetric assay as described elsewhere\[[@ref24]\] using rutin as a standard. 1 ml of extract was added to 4 ml distilled water and subsequently 0.3 ml of 5% NaNO~2~ solution was added. After 5 min, 0.3 ml of 10% AlCl~3~ solution was added and allowed to stand for 5 min, then 0.2 ml of 4% NaOH solution was added to the mixture and the volume was adjusted up to 10 ml with distilled water. Absorbance of the mixture was read at 510 nm. Total flavonoid content (mg/g) in the extract was expressed as rutin equivalent.

### FRAP assay {#sec3-5}

The FRAP assay was estimated using method described elsewhere.\[[@ref25]\] The fresh FRAP working solution was prepared by mixing 25 ml of 300 mM acetate buffer (3.1 g C~2~H~3~NaO~2~ 3H~2~O and 16 ml C~2~H~4~O~2~, pH 3.6), 2.5 ml of 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine in 40 mM HCl), and 2.5 ml of 20 mM FeCl~3~.6H~2~O solution, which was warmed at 37°C prior to use. 150 μL of extract (1 mg/ml) was allowed to react with 2850 μl of the FRAP solution for 30 min in dark and the absorbance of the color developed was read at 593 nm. Results are expressed mg Trolox equivalent/g of extract, using standard curve prepared from Trolox solution.

### Isolation of rat hepatocytes {#sec3-6}

Hepatocytes were isolated from male Sprague-Dawley rats following the two step perfusion method described elsewhere.\[[@ref26]\] Briefly, the liver was perfused retrogradely with 250 ml of 135 mM NaCl, 7 mM KCl, 12 mM glucose, and 10 mM HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), pH 7.4, followed by 250 ml of the same medium supplemented with collagenase (150 U/ml) and 1 mM CaCl~2~. Hepatocytes were diluted into William\'s E medium supplemented with 10% fetal calf serum, 50 mg/ml penicillin-streptomycin, 5 mg/ml insulin and 4 ng/ml dexamethasone, 10 mM HEPES and 1 mM CaCl~2~. Cells were then plated in a density of 0.5 × 10^5^ cells/ml in 96 well plates or 3 × 10^6^ cells/ml in 60 mM plates. Viability of the cells was determined by MTT (3-\[4,5-dimethylthiazol-2-yl\]-2,5 diphenyl tetrazolium bromide) assay. Cells were exposed to 3% or 1% oxygen for 72 h in presence or absence of *H. rhamnoides* extract.

### Mitochondrial integrity (MTT assay) {#sec3-7}

Mitochondrial integrity was measured by the reduction of mitochondrial enzyme succinate dehydrogenase using MTT assay. The MTT reduction was carried out by the method of Mosman 1983.\[[@ref27]\] Briefly, MTT was dissolved in culture medium at a concentration of 0.5 mg/ml and filtered to remove a small amount of insoluble residue. MTT containing medium was added to each well in a volume of 0.2 ml and incubated for 3 h. Thereafter, the supernatant was removed and a solution of 0.4 N HCl-isopropanol (1:24 v/v) was added to extract and solubilize the formazon. After 30 min of incubation at room temperature, the absorbance of the formazon was read at a wavelength of 570 nm on a plate reader (Power Wave XS2, BioTek, USA).

### Leakage of lactate dehydrogenase (LDH), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) {#sec3-8}

Aliquots of the cell suspension were drawn at different time intervals. Extracellular and total LDH, ALT, and AST were estimated by a commercial diagnostic kit at a wavelength of 340 nm. Leakage of intracellular enzymes was expressed as percent leakage.

### Assay for intracellular redox state {#sec3-9}

Intracellular redox state levels were measured using the fluorescent dye, 2,7-dichlorofluorescein diacetate (H2-DCFH-DA). Briefly, cells were washed once with Hank\'s Balanced Salt Solution (HBSS) and incubated in the same buffer containing 5-10 μg of DCFH-DA for 30 min at 37°C. Intracellular fluorescence was detected with excitation at 485 nm and emission at 530 nm (Cary Eclipse, Varian, USA).

### Bioassays {#sec3-10}

At the end of exposure period, the cultured hepatocytes were suspended in 0.1 M phosphate buffer (pH 7.4) and sonicated. The homogenate was then centrifuged at 10000 rpm for 10 min and supernatant was collected for analysis of GSH, GPx, and SOD. Cellular GSH content was measured by the method of Beutler *et al*., 1963.\[[@ref28]\] The activities of GPx and SOD were measured by commercial diagnostic kits. The values were expressed as percent change over controls.

### Statistical analysis {#sec3-11}

Results are expressed as mean ± SE 0 The data was analyzed by one-way ANOVA followed by Dunnet\'s test for comparing control and the various groups, using Graph-Pad software. Statistical significance was estimated at the 5% level.

Results {#sec1-3}
=======

 {#sec2-2}

### Chemical Standardization of Seabuckthorn Leaf Extract {#sec3-12}

[Figure 1](#F1){ref-type="fig"} depicts total phenols, flavonoid content, and antioxidant activity of aqueous leaf of *H. rhamnoides*. The total phenolic and flavonoid content in the *H. rhamnoides* aqueous leaf extract was found to be 119.6 mg/g extract and 96.7 mg/g extract, respectively in terms of GAE. Further the extract showed higher antioxidant activity of 309.2 mg/g extract as evident by FRAP assay.

![Total phenolic and flavonoid content of aqueous leaf extract of *Hipphophae rhamnoides* and its antioxidant activity in ferric reducing antioxidant power chemical assay](IJPharm-45-258-g001){#F1}

### Cytotoxicity Induced by *H. rhamnoides* per se in Hepatocytes {#sec3-13}

[Table 1](#T1){ref-type="table"} shows effect of aqueous leaf of *H. rhamnoides* on LDH, ALT, and AST leakage and mitochondrial succinate dehydrogenase activity (MTT assay) in rat hepatocytes. When hepatocytes were treated with various doses (0-1000 μg/ml) of aqueous leaf extract of *H. rhamnoides* for 72 h of duration, the extract did not show any cytotoxicity *per se* up to a concentration of 250 μg/ml. However, cells treated with 250 μg/ml extract showed marginal increased leakage of LDH into the culture medium. Furthermore, treatment of cells with 500 or 1000 μg/ml of extract revealed intracellular leakage of LDH, ALT and AST to the medium. In addition, at the doses of 500 or 1000 μg/ml of extract decrease in cell survival was also evident. Therefore, all the doses of extract above 250 μg/ml were excluded from the further studies.

###### 

Effect of various concentrations of aqueous leaf extract of *Hippophae rhamnoides* on the cell viability and enzyme leakage of primary rat hepatocytes

![](IJPharm-45-258-g002)

### Protective efficacy of aqueous leaf extract of *H. rhamnoides* on Hypoxia induced cell death, ROS levels and enzyme leakage {#sec3-14}

[Table 2](#T2){ref-type="table"} depicts effect of hypoxia on LDH, ALT, and AST leakage and mitochondrial succinate dehydrogenase activity (MTT assay) in presence or absence *H. rhamnoides* extract. When hepatocytes were exposed to 3% or 1% oxygen for 72 h a concentration dependent decrease in cell survival was evident, which was accompanied by significant leakage of intracellular LDH, ALT, and AST into the culture medium from the cells. Exposure of cells to 3% and 1% O~2~ resulted in \~24% and \~45% cell death, respectively \[[Table 2](#T2){ref-type="table"}\]. Cells exposed to 3% O~2~ showed 2.37, 2.67 and 3.31 fold increases in LDH, ALT, and AST leakage to the culture medium over the controls, respectively. Whereas a 6.05, 5.88 and 7.20 fold increase in LDH, ALT, and AST leakage to the culture medium, respectively, was observed in cells after exposure to 1% O~2~ for 72 h in comparison to unexposed cells \[[Table 2](#T2){ref-type="table"}\]. Concomitantly to the observed cell death to hypoxia, there were significant elevated levels of ROS after exposure either 3% or 1% O~2~ \[[Table 3](#T3){ref-type="table"}\]. Cells exposed 3% or 1% O~2~ in presence of *H. rhamnoides* extract showed reduced levels of ROS than the hypoxia exposed cells with no extract \[[Table 3](#T3){ref-type="table"}; black bar\]. Cell death was reduced significantly as observed in these cells treated with various concentrations of the extract compared to controls \[[Table 2](#T2){ref-type="table"}\]. The treatment of extract to cells attenuated leakage of LDH, ALT, and AST in cells exposed to hypoxia in a dose dependent manner. Taken together, the results demonstrated that extract protects against hypoxia-evoked oxidative stress mediated cell death by optimizing ROS levels.

###### 

Efficacy of aqueous leaf extract of *Hippophae rhamnoides* against hypoxia-induced cell damage and enzyme leakage in rat hepatocytes

![](IJPharm-45-258-g003)

###### 

Efficacy of aqueous leaf extract of *Hippophae rhamnoides* on reactive oxygen species, reduced glutathione, glutathione peroxidase and superoxide dismutase levels in hepatocytes exposed to hypoxia

![](IJPharm-45-258-g004)

### Protective efficacy of aqueous leaf of *H. rhamnoides* on hypoxia induced cell stress {#sec3-15}

[Table 3](#T3){ref-type="table"} presents effect of hypoxia on glutathione level and activities of glutathione peroxidase, and superoxide dismutase in presence or absence of aqueous leaf extract of *H. rhamnoides*. In further studies, cells exposed to 3% oxygen showed 19.2, 19.8, and 22.1% decrease in GSH, GPx, and SOD levels over the controls, respectively. Whereas 31.1, 33.2, and 37.5% decrease in GSH, GPx, and SOD levels over the controls, respectively, were seen in cells exposed to 1% O~2~ for 72 h \[[Table 2](#T2){ref-type="table"}\]. The treatments of various doses of extract normalized all the above mentioned changes induced by hypoxia in dose dependent manner.

### Protective efficacy of quercetin-3-galactoside, kaempferol and isorhamnetin aqueous leaf extract of *H. rhamnoides* on Hypoxia induced cell death and their comparison with the protection accorded by extract {#sec3-16}

[Table 4](#T4){ref-type="table"} shows effect of quercetin-3-galactoside, kaempferol, and isorhamnetin alone or together on hypoxia induced LDH, ALT, and AST leakage and mitochondrial succinate dehydrogenase activity (MTT assay). Hepatocytes pretreated (−30 min) individually with equalized amount of quercetin-3-galactoside, kaempferol, and isorhamnetin to the extract prevented LDH leakage by 7.2%, 5.6%, and 4.6%, ALT leakage by 4.4%, 3.7%, and 4.6%, and AST leakage by 5.0%, 5.9%, and 4.6%, respectively, in comparison to hypoxic cells. Further cells treated with the above mentioned compounds revealed more cell survival by 14.7%, 12.3%, and 15.9% than the cells exposed to hypoxia. Cells treated with all these compounds together showed 48.4% more cell survival with lesser leakage of LDH, ALT and AST by 18.3%, 15.4%, and 18.5%, respectively, than the hypoxic cells. In contrast, cell treated with extract had 78.9% more cell survival with lesser LDH (83.8%), ALT (82.3%), and AST (85.3%) leakage as compared to the hypoxic cells. Overall, the cell treated with extract was far better than the cells treated with quercetin-3-galactoside, kaempferol, and isorhamnetin alone or together against the hypoxic stress.

###### 

Comparison of protective effects of pretreatment of extract, quercetin-3-galactoside, kaempferol, and isorhamnetin in rat hepatocytes exposed to hypoxia

![](IJPharm-45-258-g005)

Discussion {#sec1-4}
==========

Changes in oxidant and antioxidant balance may alter cellular homeostasis; cells survival/death depends upon the expression of ROS and antioxidant defense potency. Hypoxia is one such stress, which leads to disturbance in redox state of cell causing oxidative stress. Hepatocytes have been widely utilized cell model for the evaluation of deleterious effects of hypoxia as well as oxidative stress.\[[@ref2][@ref29][@ref30]\]

During stressful situations supplementation of various nutrients and herbal preparation have been shown to increase stress tolerance.\[[@ref8]\] All parts of the *H. rhamnoides* are considered good source of bioactive compounds and its medicinal properties are attributed due to the presence of high content of flavonoids, tannins, and triterpenes.\[[@ref16]\] The major flavonoids found in the leaves of *H. rhamnoides* include, catechin, rutin, quercetin, kaempferol, and isorhamentin.\[[@ref17]\]

Hypoxia induces cell injury which may lead to compromised cell membrane integrity and ultimately cause cell damage\[[@ref2]\] and has been implicated in progressive hepato-cellular damage. Using hepatocytes as cell culture system, we found that cells exposed to 3% or 1% oxygen display \~24-45% death \[[Table 2](#T2){ref-type="table"}\]. Concomitantly with the death of cell, we observed that there was significant leakage of intracellular LDH, ALT, and AST in a concentration dependent manner. These data are consistent with previous studies, which observed membrane disintegrates with leakage of intracellular enzymes and loss of viability of isolated cultured hepatocytes from rat liver subjected to hypoxia.\[[@ref1][@ref2][@ref3]\] In the present study, we found that hepatocytes exposed to hypoxia displayed elevated expression of ROS \[[Figure 1](#F1){ref-type="fig"}\]. These results are in agreement with previous reports that the higher levels of ROS are a major damaging factor to hepatocytes.\[[@ref3]\] It is reported that supplementation of antioxidants or biologically active extracts derived from herbal plants reduces oxidant load.\[[@ref7][@ref8][@ref9]\] Here, we found that hepatocytes supplemented with extract showed resistance against hypoxic stress, reduced ROS expression, prevented leakage of intracellular enzymes (LDH, ALT, AST) and improved survival. The leaves extract of *H. rhamnoides* are reported to be rich in flavonoids\[[@ref16]\] and is potent ROS scavenger.\[[@ref7]\] Here, we believe that supplementation of extract to hepatocytes reduced oxidative stress against hypoxia exposure, thereby preventing cell death.

In response to hypoxia levels of ROS rises\[[@ref3]\] and GSH is a major cellular antioxidant which balance these oxidant surge. In this study, we found that hepatocytes exposed to hypoxia has remarkably reduced levels of GSH which was well in agreement with earlier published reports.\[[@ref3][@ref31][@ref32]\] Treatment of hepatocytes with extract prevented this decrease in GSH levels indicating antioxidant potential of leaf extract of *H. rhamnoides*. It is documented that aqueous leaf extract of *H. rhamnoides* possess anti-oxidative, and anti-stress properties.\[[@ref8][@ref19]\] Furthermore, in the present study, we found that activities of antioxidant enzymes such as GPx and SOD were significantly decreased in hypoxia injured hepatocytes. Nakanishi and authors (1995) suggested that the liver is susceptible to oxidative stress similar to other physiological active organs during hypoxia and has a compromised antioxidant status during such exposures. Hypoxic cells supplemented with extract showed comparable GSH levels to the controls and had maintained activities of GPx and SOD as that of unexposed cells. Here, we believe that optimization of ROS levels by the supplementation of extract, which is rich in flavonoid content, prevented decrease in GSH, GPx, and SOD levels in hypoxia injured cells.

The extraction of *H. rhamnoides* leaves by maceration method, the method by which the extract for the present study was prepared, showed the presence of major flavonoids such as quercetin-3-galactoside (\~40 μg/g of extract), kaempferol, (\~20 μg/g of extract), and isorhamnetin (\~30 μg/g of extract) when analyzed by Reversed Phase-High performance liquid chromatography RP-HPLC.\[[@ref22]\] Therefore, we sought whether any of this major flavonoid alone could reserve adverse changes induced by the hypoxia. Here, we show that hepatocytes pretreated with equalized amount of quercetin-3-galactoside, kaempferol, and isorhamnetin to the extract resulted in more cell survival than the hypoxic cells and survival increased further when all these three compounds were administered together. Moreover, all the three compounds could prevent leakage of intracellular enzymes such as LDH, ALT, and AST to certain extent when compared to hypoxic cells. However, the protection offered by these compounds alone or together was partial in contrast to the protection offered by the extract. These data suggests many other compounds present in the extract are required together for protecting cellular injury associated with hypoxia.

Overall findings of this study indicate that treatment of aqueous extract of *H. rhamnoides* attenuated hypoxia-induced cellular damage mediated via ROS. The protection offered by the major flavonoids present in extract quercetin-3-galactoside, kaempferol, and isorhamentin was partial in compared to the efficacy offered by the extract alone.
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